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[bookmark: _uryuzeguiqvy]Discipline
Environmental Science
[bookmark: _ulpo766yvln1]Target Audience
Introductory, non-majors
[bookmark: _lqoqk9bbf6x8]Keywords
Cancer, cancer clusters, environmental science, environmental toxins
[bookmark: _z303f3j43dqf]Length of Time/Staging
Although designed for use in a three-week-long unit of instruction with supplemental materials, the problem could be staged for three to four class periods.
[bookmark: _pxjzbthui131]Abstract
The problem scenario: A child in Toms River, NJ develops leukemia. Citizens in the town begin to notice what seems to be a high incidence of childhood cancers. They think they have a cancer cluster and suspect that a local chemical manufacturing plant and an illegal toxic waste dump are to blame. In problem Part 1, students learn about the biology of cancer and its connection to DNA structure and function as they encounter the true story of the Anderson family. In Part 2, they are introduced to the town of Toms River, and begin to make evidence-inference-explanation connections between local factors and a high incidence of childhood cancers. In Part 3, students critically examine the evidence for existence of a Toms River cancer cluster and its possible connection to environmental toxins from specific EPA sites, a local chemical manufacturing plant, and an illegal dumping site.
[bookmark: _n0mkkx2gwziy]Date Submitted
8/24/2007
[bookmark: _f6yc0352m99]Date Published
9/13/2007
[bookmark: _1umnobtgalmq]Format of Delivery
The problem is staged in three parts with progressive disclosure—students receive Part 2 when Part 1 is resolved, etc. The problem can be used as a standalone activity or supplemented with additional resources and activities. It has been used in a medium-sized course for non-majors in which students work in permanent teams of five.
[bookmark: _n3y8nwy61v6l]Student Learning Objectives
[bookmark: _kmott7swc4mw]General PBL Objectives 
This investigation (and the related class activities) is designed to help you develop and refine critical thinking skills that are useful in many aspects of personal and professional life. These skills objectives include:
1. How to reason critically and creatively.
2. How to make reasoned decisions in unfamiliar situations.
3. How to pose questions that aid in self-directed learning.
4. How to identify, find, and analyze information that's needed for a particular task.
5. How to piece information together into a coherent and cohesive framework.
6. How to communicate ideas and concepts to peers.
7. How to collaborate productively in teams.
8. Gaining empathy (appreciation) for another person's point of view.
9. Gaining the self-confidence necessary to use thinking and communication skills in a public setting.
[bookmark: _guq54630q9fj]Additional Skills Objectives 
This investigation also provides an opportunity to practice and refine the following skills:
1. How to build a chain of evidence and explanations to substantiate a claim about a relationship between environmental toxins and human illness.
2. How to write a thesis-oriented essay that has a science-related theme.
3. How to provide constructive written and verbal feedback about a thesis-oriented essay and to use this feedback to improve one's own writing of a thesis.
4. How to organize, carry out, and interpret laboratory experiments.
5. How to carry out the steps needed to investigate the existence of a cancer cluster.
[bookmark: _bznhjrv2ewg1]Specific Content Objectives 
By the end of this investigation, you should understand and be able to explain the concepts, ideas, or processes expressed in the following questions:
1. What is a cell?
2. How do cells divide to produce a new, similar cell?
3. What goes wrong with cell division in cancer?
4. What is the structure of DNA?
5. What aspects of DNA's structure influence its function and in what ways do they influence it?
6. What does DNA do in the day-to-day life of a cell?
7. How does DNA provide continuity of life from one generation to the next?
8. What is a DNA mutation?
9. What's the relationship between mutations and cancer?
10. How does cancer spread through the body?
11. What makes leukemia a cancer?
12. How is leukemia diagnosed and treated?
13. What is a cancer cluster? How do people find evidence for the existence of a cluster?
14. How do physical and chemical factors in the environment interact with living things and DNA? How do these physical and chemical factors in the environment get into your body and move through it, and what happens to them once they are there?
15. Why do some chemicals interact with the body and others do not?
16. How do chemicals move through the living and non-living components of an ecosystem?
17. How do the physical characteristics of environments affect how matter (such as environmental toxins) moves through them?
[bookmark: _3lm7j3qzpj1a]Student and Instructor Resources
The instructor can select from this list if s/he wants to identify some resources for students.
Gibbs, W. W. (2003). Untangling the roots of cancer. Scientific American, 289(1), 56-65.
Keene, N. (2002). Childhood leukemia. Cambridge, MA: O'Reilly & Assoc. 512 pp.
Miller, R. W. (2002). How environmental hazards in childhood have been discovered: carcinogens, teratogens, neurotoxicants, and others. British Medical Journal, 324(7332), 283-287.
Phillis, R. W., Goodwin, S. (2003). Biology of cancer. (Benjamin Cummings Special Topics in Biology Series). New York: Benjamin Cummings. 30 pp
Steen, R. G. & Mirro, J. Jr. (2002). Childhood cancer: A handbook from St. Jude Children's Research Hospital. Cambridge, MA: Perseus Publishing. 606 pp.
Woznick, L. A. & Goodheart, C. D. (2002). Living with childhood cancer: A practical guide to help families cope. Washington, DC: American Psychological Association. 296 pp.
Woodruff, T. J., Axelrod, D. A., Kyle, A. D., Nweke, O., Miller, G. G. & Hurley, B. J. (2004). Trends in environmentally related childhood illnesses. Pediatrics, 113(4), S945-S951.
[bookmark: _rlab3prbd1c4]Internet Resources
Agency for Toxic Substances and Disease Registry (ATSDR) - Office of Children’s Health. http://www.atsdr.cdc.gov/index.html
*American Cancer Society. www.cancer.org/docroot/home/
Toxic Environment Affects Children's Health (T.E.A.C.H.) http://www.trteach.org/events/index.html
CancerBACKUP (merged with Macmillan Cancer Support). http://www.macmillan.org.uk/
*Cancer Research UK. www.cancerhelp.org.uk
Children's Environmental Health Network. www.cehn.org
MedicineNet.com. www.medicinenet.com
Medline Plus. US National Library of Medicine and NIH. medlineplus.gov
Mayo Clinic Health Information. www.mayoclinic.com
The Merck Manual Medical Library. www.merck.com/mmhe/
*National Cancer Institute. www.nci.nih.gov
*National Cancer Institute. Med News: Cancer clusters. Retrieved 2 August 2007 from www.meb.uni-bonn.de/cancernet/600358.html.
National Institute of Environmental Health and Safety. 11th Report on carcinogens proposed listings. Retrieved 28 August 20015 from http://ntp.niehs.nih.gov/about/presscenter/frndocs/2001/roc11newnomsfr/
*Schmidt, C. W. (1998). Childhood cancer: A growing problem. Environmental Health Perspectives, 106(1), A18-A23. Retrieved 28 August 2015 from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1532950/pdf/envhper00524-0018-color.pdf
U. S. Environmental Protection Agency. EPA Region Two. (2003) Superfund site fact sheet: Ciba Geigy Corp. New Jersey EPA ID#NJD001502517. Retrieved 28 August 2015 from http://www.epa.gov/region02/superfund/npl/0200078c.pdf
U. S. Environmental Protection Agency. (2003). Source water protection. Retrieved 2 August 2007 from cfpub.epa.gov/safewater/sourcewater/
U. S. Environmental Protection Agency, Office of Children's Health Protection. yosemite.epa.gov/ochp/ochpweb.nsf/
[bookmark: _ke0ncaxgkcg0]Internet Medical Dictionaries
Medline Plus—U. S. National Library of Medicine and the National Institutes of Health. Retrieved August 2, 2007 from www.nlm.nih.gov/medlineplus/mplusdictionary.html
Stedman's Medical Dictionaries. Retrieved August 2, 2007 from http://stedmansonline.com/public/LearnMore.aspx?resourceID=Medical

*These sites were selected from an "Annotated Bibliography of Cancer Sites on the Internet" compiled by Elizabeth Bates for use in the "Science Semester," University of Delaware, February 2003.
[bookmark: _ryscifhiv2w9]Author's Teaching Notes
[bookmark: _jefasg2hf91f]General Information
This problem is the central feature of a three-week unit, and the unit design incorporates other activities to supplement students' learning about cancer and environmental toxins that can cause cancer. What we do can also be considered a hybrid model of PBL in that we identify big background topics for students, assign readings for them on these topics (for example, structure and function of DNA, the cell cycle), and give short lectures as the problem unfolds. However, students still have the opportunity to identify more specific learning objectives on their own as they work through the problem.
In Part 1 of the problem, the focus is on understanding the biology of cancer, in particular the symptoms and diagnosis of the various types of childhood leukemia. Part 2 moves students towards consideration of environmental toxins: how they get in the air, soil, and groundwater, and how humans are exposed to them. In Part 3, students consider what it takes to establish that a cancer cluster exists and that a particular toxin (or toxins) is the culprit.
The authors decided to write the problem in a way that precluded the possibility of a diagnosis. There were several reasons for this decision. First, this is a true story, and therefore the diagnosis is easily found on the T.E.A.C.H. website started and maintained by Bruce Anderson, Michael's father. It is a rare mixed form of childhood leukemia, which would make diagnosis difficult. We could not provide the test results that would make a diagnosis possible without making them up, and this seemed to offer the possibility of undermining the impact of the fact that the story is true.
[bookmark: _3iqsvhjp9snc]Part 1 Activities
We work through the problem in fairly standard PBL fashion. Using about 45 minutes of the first class, students identify learning issues and assign them to their group members to research out of class. Presentation of this first and subsequent set of learning issues and associated group discussions typically could take two additional class full periods. We intersperse the group discussion with whole class discussions, often prompted by an instructor-generated question about cancer and related background topics. We give short (15-30 min) overview lectures on the following topics and emphasize their interrelatedness: DNA structure and function, the cell cycle, the cellular basis of cancer. Before moving on to Part 2, groups do a concept mapping activity about cancer (see Assessment Strategies).
These activities have been supplemented with various portions of the NIH activity Cell Biology and Cancer curriculum supplement (1999) and with two laboratory exercises. The first is a fairly standard one about DNA, chromosomes, and mitosis, and the second investigates whether tobacco extracts can cause mutations in bacteria (adapted from Milholland and Hines, 2002).
Medical terms in the problem can be researched using a standard medical dictionary, or the online versions given in the resources list—for example, Stedman's Medical Dictionary or Medline Plus. Or for definitions that are not central to the objectives of the problem, the instructor could provide these definitions for the class, either orally or as a glossary.
[bookmark: _iftbwb7lxtoh]Parts 2 and 3 Activities
We use strategies very similar to those described above for Part I. Students work through these stages using 'classic' PBL strategies, but we support their efforts with periodic mini-lectures and whole class discussions to help them pull their ideas together. We expose students to the various useful Internet resources with a short activity we designed called "Take a Good Look Around, This Is Your Hometown." Students access the EPA website, the online National Institute of Environmental Health and Safety 11th Report on Carcinogens and Agency for Toxic Substances and Disease Registry (see Student and Instructor Resources) to investigate what Superfund sites are located in their hometown areas and examine the chemical nature of examples of the substances found at the sites and whether or not the substances are carcinogens.
Mini-lecture topics include a short primer on organic chemistry targeted towards understanding solubility, on soils and groundwater (referenced to the Toms River area), and on the phenomenon of bioaccumulation. A highlight of this part of the unit is a visit to the class by the Anderson family, during which they share their experiences as community activists.
Class activities are supplemented by a laboratory exercise, "Cluster Busters" (University of Arizona School of Pharmacy, 2002), in which students investigate the process of establishing whether a cancer cluster exists. A short individual assignment is due at the end of Part 2, and groups complete a longer summary assignment, due by the end of the unit.
[bookmark: _ldyyuhvs4dsh]References
Hines, S. D. Southwest Environmental Health Sciences Center University of Arizona College of Pharmacy. (2002). Cluster busters: A game of disease mystery solving. Ms Ima Well - Florida Colon Cancer. PDF document available online at http://coep.pharmacy.arizona.edu/curriculum/clusterbusters/cluster_busters.html (Accessed 28 August 2015).
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[bookmark: _2fpna54vyx5e]Assessment Strategies
The following resources are contained in the problem handouts:
· Take a Good Look Around, This is Your Hometown 
· Concept Mapping Cancer 
· Final Product Part 1 - Individual Writing Assignment
· Final Product Part 2 - Group Assignment on Teaching about Cancer 
· Summary Assignment
· Pre- and Post-Assessment 
The strategies presented here include:
· An exercise in concept mapping cancer
· An activity designed to help familiarize students with websites that provide information about toxic substances present in a given geographic location (Take a Good Look Around...)
· The first version (Final Product Parts1 and 2) includes an individual assignment, due midway through the investigation of the problem, and a group assignment, due at the end of the investigation. Part 2 is designed for teacher education majors.
· The second version (Summary Assignment) is more structured and steps students through consideration of various lines of evidence for writing a thesis on the topic of investigating cancer clusters. It typically is a group assignment.
· Two versions of problem summary assignments.
· A pre- and post assessment question designed for teacher education majors. The question references the science standards for the State of Delaware, but could be readily revised to reflect the national or other state versions.
The concept mapping activity, and the "Take a Good Look Around..." activity were designed for formative assessment purposes. The concept mapping activity helps the instructors and students to become aware of what they have (or have not) learned about cancer. The instructors go around the classroom as the students are constructing the map and offer feedback about accuracy and adherence to the mapping guidelines. The "Take a Good Look Around..." activity helps the students to learn about the existence of websites that play a key role in problem analysis, and to hone their skill at retrieving information from them. Finally, the PBL process itself offers multiple opportunities for the instructors to listen to students discuss key areas of content and analysis, and to offer spontaneous feedback.
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